Abstract--Transformer protection and safety is based on large number of tests. On the basis of these test results, vital decision on transformer diagnostic and condition monitoring is done. But some times it is not possible to conduct the tests on transformer in service because it may destructive in nature so, in order to perform these tests, scaled-down or prorated models of actual power transformers are used in experimental study. In this paper, different prorated models with their aging cycles have been studied.
I. INTRODUCTION
Liquid-immersed power transformers have utilized an insulation system consisting of natural cellulose-based materials and mineral oil for over 100 years. The transformers insulation is always subjected to stresses such as thermal, electrical or their combinations. These stress acts as a promoter of the chemical reactions & affects the electrical, chemical and mechanical properties of the insulation. The thermal stress on the insulation system may occur due to discharges, dielectric heating, operation in a high temperature environment, due to Joule heating (I 2 R losses) and iron losses.
The transformer is the most costly equipment of the power system. In order to protect the transformer, it should pass from large number of tests. But, it is well known fact that all of the required tests should not be performed on a power transformer in service because some of these tests are destructive in nature. As the test results of these experiments are vital in diagnostic and monitoring procedure for transformers in actual working conditions. Therefore, in order to perform these tests, scaled-down or prorated models of actual power transformers are used in experimental study (Saha, 1997) . In this paper, different prorated models with their aging cycles have been studied.
These models are based on long term and short term accelerated aging. In long term accelerated aging, experiments have been conducted at temperatures in the range 90 to 145°C for time periods of up to 100 weeks e.g. Montsinger (Montsinger, 1930 ) conducted experiments at 90 to 110°C for up to 70 weeks, Dakin (Dakin, 1948) at 100 to 135°C for up to 100 weeks, Shroff et al. (Shroff, 1985) at 110 to 140°C for up to 180 days, Moser et al. (Moser,1986 ) at 90 to 135°C for up to 400 days, to predict the long term insulation behavior & to provide information on the life of insulation system. On the other hand, short term accelerated ageing experiments are conducted at high temperatures in the range 130 to 190°C for a short period of time. For example, Oomen (Oomen, 1981) conducted experiments at 120 to 180°C for up to 7 days, Moser et al. (Moser, 1986 ) at 145 to 190°C for up to 20 days.
II. THERMAL MODELS
The life of transformer depends upon the life of insulating system. In order to predict the life of oil filled power transformer it is vital to understand the insulation system (Saha, 2008) . Aging of insulation in power transformers is intimately connected with the magnitude and the duration of the thermal stress on the insulation. It is well known that aging experiments made under normal operating stress conditions in laboratory environment, require inordinately long times before credible failure data can be acquired. This implies a considerable expenditure in terms of time and costs of running aging experiments. Thus to work out a method of acquiring failure data in a much shorter time by judiciously increasing the stresses applied during the aging experiments a carefully designed and controlled laboratory scale experiments shall be performed to assess the causing of premature failure. The nature of the stresses used in laboratory experiment could either be continuous in time or stepped at appropriate levels. The purpose of these experiments is to deliberately introduce conditions favorable for rapid deterioration of insulation and in the course of aging, observe, monitor and quantify the essential properties which cause failure (Pradhan, 2004) . The status of insulation can therefore be assessed by monitoring those properties of insulation which are sensitive to the amount of aging. The most sensitive parameters which can serve as indices of aging are DGA, furans, DP, Dielectric Strength (BDV), PD, C & tan delta, moisture content, different spectroscopic parameters etc (Pradhan, 2006) . Some of the important types of model available in literature are described in this paper.
A. Prototype Model
Prototype model (shown in figure 1 ) is 5 kVA, 220/5000 The prorated units are rendered gas-tight by using self-sealing septum arrangement so as to avoid leakage. The model transformers are impregnated and filled with high quality naphthanic based mineral insulating oil. Standard practices for impregnation of cellulose paper have been adopted in the process. The most important criterion in the design of power transformer prototype is the ratio of amount of oil to paper. This ratio is maintained in the neighborhood of 4:1.
The mechanism of aging shall remain invariant under accelerated stress conditions and during normal operating conditions. As indicated in prototype model, 1 is winding; 2 is tank; 3 is wheel; 4 is online gas valve; 5 is nitrogen valve; 6 is TOT probe; 7 is HV bushing; 8 is MOT probe-1; 9 is MOT probe-2; 10 is LV bushing; 11 is BOT probe; 12 is bottom drain valve; 13 is eyelet; 14 is frame.
Aging process in prototype model: Three loading blocks shown in figure 2, are found to be adequate to cause sufficient amount of aging over an experimental duration of about one year. Also, the incremental time duration of these blocks is adjusted such that the amount of aging during each block remains nearly the same, in accordance with the norms of equated aging procedure. Throughout the experimental run, the electrical stress was kept at normal levels (i.e., transformers were operated at rated voltage) (Pradhan 2004 (Pradhan , 2006 (Pradhan , 2005 . 
B. Dual Temperature aging Model
Dual temperature aging model (figure 3) is prepared for simultaneous accelerated ageing of two different solid insulation material immersed in the mineral oil. This model was used to derive test data on a cellulose/ mineral oil system, a Nomex/mineral oil system and on a hybrid Nomex/cellulose/mineral oil system. The conductors were insulated with 4 layers of 3 mil Kraft or 6 layers of 2 mil Nomex, wound in half-laps for a total two-side build of 48 mils (McNutt, 1996) .
In T.A.Prevost, R.Wicks et al. dual temperature aging model, the insulated conductor and associated turn spacer insulation can be controlled at one temperature while the bulk oil and its associated barriers type insulation can be controlled at a second temperature. This model is used for measuring tensile strength, degree of polymerization (DP) and furan contents present in the oil. This study also investigating non-thermally upgraded and thermally upgraded conductor insulation to determine the effects of thermal upgrading on insulation aging (Prevost, 2006) . Aging process in dual temperature aging model: The test assemblies were oven dried in batches of three at atmospheric pressure in a 110°C -125°C oven for a period of 4 -5 days. Mineral oil was dried separately in an impregnation vessel at 100°C under maximum attainable vacuum (< 2 mmHg, absolute) for a period of 3-4 days. After oil drying, the impregnation vessel was purged with N 2 and a portion of the oil transferred to a holding tank where it was stored under N 2 at 2 psig (103 torr) for later use in filling the test cells. The dried insulation assemblies were removed from the oven and quickly transferred to the impregnation vessel where they and the remaining oil were held under maximum vacuum at 100°C for approximately 3 hours. The assemblies were then lowered into the oil without breaking vacuum and maintained under vacuum at 100°C for 3 -4 days.
When impregnation of the test assemblies was complete, the empty cells were prepared for loading. Once the test assembly was in place in its cell, the gas space above the oil was purged with N 2 at approximately 2 psig (103 torr) for approximately 5 minutes. When purging was complete, the lid was bolted down to seal the cell. The cell was then placed into the test cabinet with connection to the top oil, bottom oil and conductor thermocouple and to the N 2 supply, oil heater and the current transformer were made. The N 2 supply was set at approximately 2 psig (103 torr) and the thermocouple readings were checked. Samples of both the solid insulation and the mineral oil were tested prior to start up and shut down of each cell. Changes between the initial and final states were used to determine the amount of degradation occurs during the testing cycle. At the completion of aging, power to the cell was shut off and two 50 ml syringes of oil (each for DGA and moisture content) were removed while the oil was still hot. After the cell had cooled, but before opening it, another syringe was filled for DGA testing of the cool oil. Upon opening of the cell, the entire test assembly was removed. Samples of bulk insulation, high density board and conductor wrap were taken for testing of moisture content. The samples were double-wrapped in plastic wrap and plastic bags to prevent moisture migration. The insulated conductor was temporarily stored in a pail of clean dry oil. Test program and Aging temperatures in each of the three types of cell were maintained in accordance with Table 1 and Table 2 respectively. As the temperature & aging time increases, the average retained strength decreases. The tensile strength and thermal durability of hybrid systems is excellent as compared to the cellulose system. Oil quality measured by color, acidity and power factor was degraded to a greater extent over time in the cellulose test cells than in the hybrid or Nomex cells, even though temperatures were lower in the cellulose cells. Nomex material can be permitted to reach a higher level (i.e. 170°C or more). Mostly Nomex can be used in the equipment for compact size and/or light weight (e.g. mobile transformers, traction transformers, etc.) which can justify the higher cost of the high temperature material (McNutt, 1996) .
C. Ampoules model
Ampoules model (Saha, 2008 ) is used for accelerated ageing experiments, as shown in figure 4 . In this model, a section of new insulated conductor (210 mm) were cut and wrapped with insulating paper, shown in figure 5 , and placed in a glass ampoule. The ampoules were approximately 45 mm in diameter and contained about 230 ml of oil and 8 conductors per ampoule. Thus the paper to oil ratio was approximately 86 mg/ml. The ampoules were heated in a temperature controlled aluminum heater block, with the variation in the temperature of ±2 0 C per heating cycle in the block.
Prior to ageing, the conductor samples were dried in a vacuum oven for 24 hours at 80°C. The conductors were then transferred into the ampoules and evacuated at a pressure of 10 -3 Torr for two days at room temperature and then for 1 hour at 145°C for deep moisture removal. Then the ampoules were cooled to room temperature and new Shell Diala B oil was added to the ampoule so that the conductor and paper were completely immersed. The moisture content of the oil was determined by the Karl Fischer titration before addition to the ampoules. Following addition of the oil, the samples were evacuated at 10 -3 Torr for one more day before elevated temperature ageing was commenced and sealed under vacuum. The accelerated ageing experiments were performed at four different temperatures for various periods of time under air and nitrogen environments. For ageing under nitrogen, dry nitrogen gas was passed continuously over the surface of the oil for the entire arcing time. Thus any water released into the nitrogen would be removed by the gas flow. For arcing in air, the samples were left open to the atmosphere via a silica gel drying tube, but there was no gas flow. Although there was no gas flow over the surface of the oil in the case of the air-aged samples, there was no evidence of a build up of moisture at the surface of the oil, presumably because any evolved water was absorbed by the silica gel drying agent. After ageing, the samples were allowed to cool to room temperature. Paper and oil samples were removed for moisture measurement (Saha, 1999) . In order to perform ageing experiments on paper wrapped insulated conductors in ampoules model different temperature range were selected as shown in Table 3 and  table 4 . In (Saha, 1999) , experiments were performed at temperature range of 115 to 145°C in the presence of air and nitrogen environments. In (Hill, 1995 , Saha, 2000 , a series of accelerated ageing experiments were performed on dried Kraft insulation paper in the temperature range 130-170°C under vacuum in order to examine the thermal degradation process separately from the process of oxidation and hydrolysis by water.
The objectives of these experiments are to study the nature of cellulose and oil degradation, the deterioration of chemical, electrical and mechanical properties and the effect of oxidation on the degradation process. The condition of aged insulation samples was investigated by a number of diagnostic techniques: 1) Measurement of Interfacial Polarization Spectra (IPS)
by Return Voltage Method (RVM) at temperature range of 115-1450 C (Saha, 1999 (Saha, , 2000 . 2) Measurement of Molecular Weight and its distribution by Ge1 Permeation Chromatography (GPC) at temperature range of 115-1450 C (Saha, 1999 (Saha, , 2000 and 129-1660 C (Hill, 1995) and the results of the molecular weight study in the accelerated ageing experiments were found to be most useful for monitoring the condition of the insulation paper in an operational transformer. 3) Surface analysis by X-Ray Photo-Electron Spectroscopy (XPS) at temperature range of 115-1450 C. 4) A study of the oxidation of the oil by UV-Visible Spectroscopy (UV-VIS) at temperature range of 115-1450 C (Saha, 1999). 5) Tensile strength of cellulose insulation paper retrieved from a retired transformer were measured in the cross machine direction (CMD) at temperature range of 129-1660 C and the relationship between tensile strength and molecular weight has been correlated (Hill, 1995) . 6) Furan products formed by accelerated ageing of cellulose insulation paper in Shell Diala B transformer insulation oil over the temperature range 115-1450 C (Saha, 2000) and 129-1660 C and the results have been correlated with those observed for the changes in the molecular weight and tensile strength of the insulation paper (Hill, 1996) .
D. Aging Vial Model
In order to have better understanding of insulation ageing, dynamic ageing experiment were conducted. In the experimental work, Kraft paper of electrical grade and uninhibited mineral oil Nynas Nytro 11EN was used. The paper was wrapped in several layers around a length of 5 cm of copper conductor. To dry the paper it was placed in the ageing vial and placed in vacuum oven. The oven was set at 70 0 C and vacuum was applied for overnight. The ageing vial and paper was cooled to room temperature in a desiccators and 100 ml of air saturated oil was added to the vial and sealed immediately using flame torch. In order to have enough paper for DP measurement two pieces of copper conductor wrapped with paper were placed in the ampoule. The ageing vessel had a capacity of 150 ml made from Pyrex glass with 3.8 cm diameter and 20 cm length. It had a narrow neck of l cm diameter and 4 cm length. All ampoules were washed with water rinsed with acetone and dried at 100 0 C before use. The sealed vials were placed in an oven with set temperature of 70 0 C. The oven temperature was increased 10 0 C after 24 hours and each day one set of samples were removed until temperature reached 180 0 C. Blank sample was also carried out using similar condition for every 10 0 C (Pahlavanpour 2002 (Pahlavanpour , 2003 .
E. Test Cell Model
In order to perform the experiments in laboratory a special test cell model has been designed for accelerated thermal and electrical ageing treatment on oil & paper. The schematic diagram of the test cell is shown in figure 6 . The capacity of the test cell is three liters. A mild steel plate of 3.5 mm thickness has been used. The inner surface of the test cell has been polished with high temperature resistant enameled paint. The silicon sealing has been provided in between the top cover plate to prevent the leakage of gases at high temperature. When the paper was tested in the presence of oil, the two copper strips covered with paper joined together were placed in the cell. The mineral oil taken conformed to the requirement of IS: 335 and unaged electrical grade paper conformed to IS: 9335. The temperature control of the oven was within ±2 0 C. Different thermal and electrical stresses, as per table 5, were used for studying the accelerated thermal and electrical ageing treatment on oil and paper. The thermal and electrical stresses affect the properties of oil and paper insulation used in the transformer. The properties such as furfural analysis, tensile strength, degree of polymerization (DP), dissolved gas analysis (DGA), Breakdown voltage (BDV), resistivity, dissipation factor, viscosity, partial discharge (PD), scanning electron microscopy (SEM) etc. should be effected by the thermal and electrical stresses (Verma, 2005) .
III. CONCLUSION
It is not possible to perform many tests destructive in nature on power transformer in service. In order to perform these tests, prorated models of power transformers are used in experimental study. Researcher have used various types of model like prototype model, dual temperature aging model, ampoule vial model, aging vial model and test cell model. Basic concept of these models is to study the accelerated thermal, electrical stresses with aging on oil and paper insulation of power transformer.
